Summary. Daily urine samples were collected from 4 adult female gorillas over 7 menstrual cycles. Urinary oestrone conjugate and pregnanediol-3-glucuronide (PDG) were measured by radioimmunoassay; LH was measured by enzyme immunoassay and each hormone was indexed by creatinine. The quantity of urinary LH during the ovulatory surge was positively correlated with the quantity of PDG excreted during the luteal phase (r = 0\m=.\87, P = 0\m=.\0013). The observations indicate a relationship between the quality of the LH surge and the levels of PDG in the luteal phase and suggest that both the LH surge and subsequent luteal phase function may be predictable from the oestrogen excretion profile during the follicular phase.
Introduction
Pregnancies and births of infants are relatively rare events among gorillas that are maintained in breeding situations in the United States. In an evaluation of ovulatory ovarian cycles, assessed by measurements of steroids in urine, Mitchell et al. (1982a) indicated that a post-ovulatory or lutealphase defect may be responsible for some of the reduced fertility in this species.
To investigate this possibility further, a practical assay for urinary luteinizing hormone (LH) was developed and applied. The LH measurements together with simultaneous measurements of ovarian oestrogen and progesterone excretion were used to assess the relationship between ovarian and pituitary hormones in the gorilla menstrual cycle. The results of this study are intended to provide empirical evidence regarding the relationship between pituitary and ovarian hormone excretion as they are applied as indicators of normal ovarian function in gorillas and related species.
Materials and Methods
Animals and sample collection Daily urine samples (2 ml) were collected from the cage floor from 4 mature female gorillas. Three of the gorillas are housed at the Toledo Zoo (P, 29 years old; H, 14 years old; and M, 12 years old) and Gorilla (12 years old) is housed at the San Diego Zoo. The Toledo gorillas were all housed and copulated with an adult male gorilla known to have achieved at least one conception and with normal motile spermatozoa after electroejaculation. The last offspring of Gorilla was in 1971; Gorilla has not reproduced; Gorilla M has subsequently conceived with another male and delivered a normal infant; and Gorilla has regularly copulated with a fertile male gorilla since her arrival (1 year) with no indication of conception or resulting offspring.
Menstruation was monitored by measuring blood in the urine using Hemastix (Miles Laboratories, Elkhart, IN, U.S.A.). Urine samples were frozen as soon as possible and kept frozen until assay. All hormone values were indexed by individual creatinine concentrations (Taussky, 1954) to correct for variation in urine concentration.
Oestrone conjugate assay Urinary oestrone conjugates were analysed by radioimmunoassay as previously described (Shideler et al., 1983) . Briefly, 001 ml undiluted urine was combined with 0-29ml Tris assay buffer pH (Milstein & Köhler, 1975) . Mice were immunized with hLH (Parlow) or human chorionic gonadotrophin (hCG: Organon, East Orange, NJ) over a period of several weeks. Specific mice were selected for fusion when serum titres were at least 1:1000 at 50% maximum binding in specific radioimmunoassays (RIA) for hLH and hCG. After fusion and screening of cell hybrids for specific antibodies, positive hybrids were cloned and injected into pristine primed mice for ascites antibody production (Leak et al, 1985) . The two antibodies, anti-hLH (102Gn) and anti-hCG (716Gt,), were purified by passage through a protein A-sepharose affinity column (Ey et ai, 1978) . Clone 102G! [ was found to be a monoclonal IgG, by immunoelectrophoresis and by double diffusion in agarose gels with subclassspecific antisera. Clone 716G, r appeared to be IgGt based on elution patterns generated by the protein A-sepharose column (Ey et al., 1978) .
Characterization of antibodies by RIA. The purified antibodies were evaluated in a competitive overnight RIA system previously described (Wada et al., 1982) . Briefly, unlabelled hormone in serum was added to tracer and antibody, incubated overnight at room temperature and precipitated with polyethylene glycol 6000 (200 g/1) in place of the second antibody. To characterize Clone 102GU hLH (Parlow 9/80) was used as the tracer and standard. To characterize Clone 716Gn, hCG (Calbiochem, Cat no. 869031) and hLH (Parlow 9/30) were used both as the tracer and standard.
The association constants (Ka) were calculated by Scatchard analysis (Scatchard, 1949) The validity of the enzyme-linked immunosorbent assay to monitor LH activity in gorilla urine was assessed by the rat Leydig cell bioassay for LH as described by Ramachandran & Sairam (1975) . Similar LH patterns were obtained by both assay systems (Fig. 1). ELISA for LH. Capture antibody (Clone 102GU: Monoclonal Antibodies Inc., Mt View, CA) was diluted to 2 µg/ml with phosphate-buffered saline (001 M-PBS pH 70). Then 96-well microtitre plates (Immulon I, Dynatek) were coated, 0-2 ml/well, with the diluted capture antibody and incubated overnight at room temperature. After incubation the plates were emptied and washed twice with wash buffer (17-5 g NaCl, 0-8 ml Tween 20/2 litres deionized water). Plates were inverted and dessicated at room temperature. To each well in triplicate was added 0-2 ml standard (Parlow 9/80) in a dose from 0-25 to 16ng/ml. Samples (0-1 ml urine) were assayed in duplicate, and the plate was incubated for 2h at room temperature. The plate was washed 3 times with wash buffer and 0150ml Clone 716G,,-alkaline phosphatase (1:1000 in assay buffer) was added to each well and incubated for 1 h at room temperature. After incubation the plate was washed 3 times with wash buffer and 0-2 ml substrate solution, 5-bromo-4-chloro-3-indolyphosphate (BCIP, Sigma) was added to each well. Incubation was carried out at room temperature for 25-50 min and plates were read on a Dynatek plate reader at an optical density of 630 nm. The interassay coefficient of variation for 13 ng was 11 % and for 4 ng was 9%. Intra-assay coefficient of variation at 1 ng was 6% and at 8 ng was 2%. hLH (4 ng) added to baseline urine was recovered at 100%. Assay sensitivity was 0-5 ng/ml.
Statistics
The area under the curve was analysed by triangulation. LH area was calculated from baseline to baseline (n = 4-6 days) during the ovulatory peak. Oestrone 
Results
The composite urinary hormone profiles of oestrone conjugate, PDG and LH for 7 menstrual cycles of 4 adult female gorillas are shown in Fig. 2 . Samples are aligned to the oestrone conjugate peak (Day 0). The average follicular-phase length, defined as the first day of menstruation to the peak oestrone conjugate value was 16-4 ± 1-4 days (range 13-24 days). The average luteal-phase length, calculated as the day after the oestrone conjugate peak to the next menstruation, was 14-0 ± 0-4 days (range 12-15 days). The total length of the cycle was then 30-4 ± 1-5 days (range 27-39 days). Hormone variation between individuals was greatest for PDG excretion. An example of high PDG excretion is illustrated in Fig. 3(a) Fig. 3(b) illustrates the variability of lutealphase PDG between individuals. A rise in PDG was not measurable in Gorilla H, cycle 11/15 until 3 days after the LH peak (range 1 to 2 µg/mg creatinine). The duration of the peak was 7 days.
To investigate the cause of the variability of PDG excretion rates, the height and duration of the PDG profile was compared to the height-duration of the LH profile by analysing the area under the curve for each hormone (Table 1) . Variation in LH excretion within an individual (coefficient of variation range 7-30%) is less than the variation between individuals (CV = 48%). This is also true for PDG (within CV range 0-38%; between 42%), follicular-phase oestrone conjugate (within CV range 0-38%; between 42%), and luteal-phase oestrone conjugate (within CV 10-24%; between 29%). Correlation coefficients calculated by linear correlation indicated a significant (P (Sherman & Korenman, 1974a In the gorilla cycles examined in this study, through urinary hormone analysis, all had luteal phases of normal length, but varied from individual to individual in the quantity of progesterone metabolite excreted during the luteal phase. When comparing the ovulatory LH peak to the amount of PDG excretion, the high correlation (r = 0-87) indicates a positive relationship between increased LH and increased PDG excretion and conversely indicates that diminished PDG excretion is preceded by a lower ovulatory LH surge. In addition, the equally strong relationship between LH and follicular-phase oestrogen production would be consistent with the report of Sherman & Korenman (1974b) 
